A new amine receptor 2 utilizing anthracene and nitrophenyl group as signaling group was designed and synthesized. The receptor 2 only utilizes four amine N-H's and 9-anthracenyl hydrogen to bind anions. The receptor 2 can bind anions through hydrogen bonds with a selectivity of CH 3 CO 2 − > H 2 PO 4 − > F − > C 6 H 5 CO 2 − > Cl − in highly polar solvent such as DMSO without protonation of amine.
Introduction
The recognition and sensing of anions have become the focus of considerable attention because anions play an important role in biological, medical, environmental, and chemical sciences. amines, 6 and amides. 7 Among the binding units mentioned above, amines provide the weakest hydrogen bonds. Therefore, amine receptors have been protonated to provide electrostactic interactions in concert with hydrogen bonds.
8
The measurements of binding processes are usually complicated by a complex series of protonation steps and multiple equilibria. The necessity of using an electrolyte to maintain constant ionic strength further complicates the situation, as extraneous cations and anions can interfere with binding of the targeted species. However, we envisioned that properly located multiple amine could be a good anion receptor without protonation despite of its weak hydrogen bonding ability.
Here we would like to report anthracene based amine receptor 2, which was found to be a selective receptor for acetate and dihydrogen phosphate in polar solvent such as DMSO without protonation. The binding phenomenon of the receptor 2 was monitored by UV-vis spectra and
The receptor 2 was synthesized from the reduction reaction of the compound 1 with borane dimethyl sulfide complex in 53% yield 9 (Scheme 1). Because of low solubility of the receptor 2, we studied the binding phenomena in DMSO. The receptor 2 displayed strong absorption bands at 402 nm in DMSO. Figure 1 shows the family of spectra obtained over the course of the titration of solution 2 with tetrabutylammonium acetate in DMSO. As acetate ions were added to the 20 μM solution of 2, λ max showed bathochromic shift and isosbestic point at 404 nm. The presence of the sharp isosbestic point indicates that only two species were present at equilibrium over the course of the titration experiment. The stoichiometry between the receptor 2 and acetate was determined by Job plot using 1 H NMR, which showed evident 1:1 stoichiometry (Fig. 2) . A Benesi-Hildebrand plot 10 by use of change at 391 nm in UV-vis spectrum gave the association constants. The association constant calculated was 3.6 × 10
. This phenomenon could be confirmed by a 1 H NMR titration. In DMSO-d 6 , two amine N-H hydrogen peaks of receptor 2 showed downfield shifts upon addition of acetate ion. For example, one amine peak appearing at 7.49 ppm showed downfield shift until 7.90 ppm and the other amine peak appearing at 6.33 ppm showed downfileld shift until 6.76 ppm, indicating that both amines participate in the binding event through hydrogen bonds. In addition, 9-H of the anthracene moiety appearing at 8.83 ppm showed downfield shift until 9.02 ppm, indicating that 9-H of anthracene moiety also participates in hydrogen bonding with acetate. (Fig. 3 , which is similar to the values obtained from UV-vis titrations.
With tetrabutylammonium dihydrogen phosphate, a similar phenomenon was observed. In UV-vis titration, λ max of 2 showed bathochromic shift, spectra showed the isosbestic point at 404 nm and Job plot showed 1:1 stoichiometry again (Fig. 4) . In addition, two amine N-H hydrogens and 9-H of the anthracene moiety showed downfield shifts again. However, the shift was more drastic than acetate ion. One of amine peak move from 7.49 ppm to 8.95 ppm and 9-H of the anthracene moved from 8.83 ppm to 9.45 ppm with 4.5 equivalents of dihydrogen phosphate (Fig. 5) . From these experiments, association constants for dihydrogen phosphate were calculated as 2.0 × 10 3 and 2.3 × 10 3 M −1 from the UVvis and 1 H NMR titrations, respectively. We also investigated association constants of other anions. The results are summarized in Table 1 . The receptor 2 interacts with fluoride, chloride and benzoate at the concentration we investigated. Bromide, iodide, hydrogensulfate, perchlorate and nitrate did not bind with the receptor 2. Probably the basicities these anions are too weak to bind with amine receptor 2. Due to weak acidity of the receptor 2, deprotonation was not observed.
In summary, we have developed a new anion receptor 2 utilizing anthracene and nitrophenyl group as signaling group. The receptor 2 only utilizes four amine N-H's and 9-anthracenyl hydrogen to bind anions. The receptor 2 can bind anions through hydrogen bonds with a selectivity of 1 H NMR spectra of 2 mM of the receptor 2 with increased amounts of tetrabutylammonium dihydrogen phosphate (0-4.5 eq.) in DMSO-d6. 
